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ALANINE SCAN OF PTH (17-31) 


NATIVE PTH(17-31) 


BINDING ICcn 

W) 
1.0±0.1 


n 

14 


POSITION 


SUBSTITUTION 




17 


Ser— Ala 


1 5±0 2 


14 


18 


Met— Ala 


1 5±0 3 


5 


19 


Glu— Ala 


0 7±0 1 


5 


20 


Arg— «~Ala 


90.5±50.0 


5 


21 


Val— Ala 


1.7±0.2 


5 


22 


Glu — Ala 


0.6±0.2 


8 


23 


Trp— Ala 


>100 


8 


24 


Leu— Ala 


67.5±14.3 


5 


25 


Arg-— Ala 


3.8±0.9 


5 


26 


Lys— Ala 


8.3±1.2 


5 


27 


Lys— Ala 


1.1 ±0.1 


5 


28 


Leu— Ala 


9.9±1.4 


5 


29 


Gin— Ala 


0.9±0.1 


5 


30 


Asp-— Ala 


1.1 ±0.2 


5 


31 


Val— Ala 


3.8±0.6 


5 


Competition binding analysis for each PTH(1 7— 31) peptide analog was 
performed in COS-7 cells transfected with PTH -2 receptors. IC50 is the 
dose of a peptide analog which inhibited by 50% the binding of 125|- 
rPTH(1 -34). Each analysis was performed the number of times 
indicated(n). 




FIG.6 
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MAP of: tether- l.seq from: 2319 to: 3698 

PTH (1-9) linked to Glu-182 of rat receptor, insert immediately 

after Tyr23 cleavage site. 

ATGGGGGCCGCCCGGATCGCACCCAGCCTGGCGCTCCTACTCTGCTGCCCAGTGCTCAGC 
MGAARIAPSLALLLCCPVLS - 
TCCGCcTATGCGGUUUCCGAAAUCCAGCUGAUGCACggcggaggaggcGAGGTATTTGAC 
SAYAVSEI QLMHGGGGEVFD - 
CGCCTAGGCATGATCTACACCGTGGGATACTCCATGTCTCTCGCCTCCCTCACGGTGGCT 
RLGMIYTVGYSMSLASLTVA - 
GTGCTCATCCTGGCCTATTTTAGGCGGCTGCACTGCACGCGCAACTACATCCACATGCAC 
VLILAYFRRLHCTRNYIHMH - 
ATGTTCCTGTCGTTTATGCTGCGCGCCGCGAGCATCTTCGTGAAGGACGCTGTGCTCTAC 
MFLSFMLRAASIFVKDA VLY - 
TCTGGCTTCACGCTGGATGAGGCCGAGCGCCTCACAGAGGAAGAGTTGCACATCATCGCG 
SGF TLDEAERLTEEELHIIA - 
CAGGTGCCACCTCCGCCGGCCGCTGCCGCCGTAGGCTACGCTGGCTGCCGCGTGGCGGTG 
QVPPPPAAAAVGYAGCRVAV - 
ACCTTCTTCCTCTACTTCCTGGCTACCAACTACTACTGGATcCTGGTGGAGGGGCTGTAC 
TFFLYFLATNYYWI LVEGLY - 
TTGCACAGCCTCATCTTCATGGCCTrTTTCTCAGAGAAGAAGTACCTGTGGGGCTTCACC 
LHSLI FMAFFSEKKYLWGFT - 
ATCTTTGGCTGGGGTCTACCGGCTGTCTTCGTGGCTGTGTGGGTCGGTGTCAGAGCAACC 
I FGWGLPAVFVAVWVGVRAT - 
TTGGCCAACACTGGGTGCTGGGATCTGAGCTCCGGGCACAAGAAGTGGATCATCCAGGTG 
LANTGCW D LSSGHKK.W I I Q V - 
CCCATCCTGGCATCTGTTGTGCTCMCTTCATCCTTTTTATCAACATCATCCGGGTGCTT 
PILASVVLNFILFINIIRVL - 
GCCACTAAGCTTCGGGAGACCAATGCGGGCCGGTGTGACACCAGGCAGCAGTACCGGAAG 
ATKLRETNAGRCDTRQQYRK - 
CTGCTCAGGTCCACGTTGGTGCTCGTGCCGCTCTTTGGTGTgCACTACACCGTCTTCATG 
LLRSTLVLVPLFGVHYTVFM - 
GCCTTGCCGTACAGCGAGGTCTCAGGGACATTGTGGCAGATCCAGATGCATTATGAGATG 
ALPYTEVSGTLWQIQMH YEM - 
CTCTTCAACTCCTTCCAGGGA I 1 1 I 1 1 GTTGCCATCATATACTGTTTCTGCAATGGTGAG 
LFNSFQGFFVAI IYCFCNGE - 
GTGCAGGCAGAGATTAGGAAGTCATGGAGCCGCTGGACACTGGCGTTGGACTTCAAGCGC 
VQAEIRKSWSRW T L A L D F K R - 
AAAGCACGAAGTGGGAGTAGCAGCTACAGCTATGGCCCAATGGTGTCTCACACGAGTGTG 
KARSGSSSYSYGPMVSHTSV - 
ACCAATGTGGGCCCCCGTGCAGGACTCAGCCTCCCCCTCAGCCCCCGCCTGCCTCCTGCC 
TNVGPRAGLSLPLSPRLPPA - 
ACTACCAATGGCCACTCCCAGCTGCCTGGCCATGCCAAGCCAGGGGCTCCAGCCACTGAG 
TTNGHSQLPGHAKPGAPATE - 
ACTGAAACCCTACCAGTCACTATGGCGGTTCCCAAGGACGATGGATTCCTTAACGGCTCC 
TETLPVTMAVPKDDGFLNGS ■ 
TGCTCAGGCCTGGATGAGGAGGCCTCCGGGTCTGCGCGGCCGCCTCCATTGTTGCAGGAA 
CSGLDEEASGSARPPPLLQE - 
GGATGGGAAACAGTCATGTGA (SEQ ID NO: 36) 

G W E T V M * - (SEQ ID N0:37) 

FIG. 7 



Replacement Sheet 9 of 25 



Appl. 09/475,158; Filed: December 30, 1999 

Dkt No. 0609.4780001 ; Group Art Unit: 1 646 

Inventors: GARDELLA et al\ Tel.: (202) 371-2600 

Title: PTH Functional Domain Conjugate Peptides, 

Derivatives Thereof and Novel Tethered Ligand-Receptor 

Molecules 

_ J 



rHA-WT 

c 




FIG.8A-1 



Del-NT 




FIG.8A-2 



Tether- 1 




FIG.8A-3 
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BASAL cAMP 




rHA-WT 1 del-NT 1 Tetherl 



FIG.8B-1 



RESPONSE TO PTH(1-14) 100 fM 




rHA-WT 



del-NT 



FIG.8B-2 



Tetherl 
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MAP of: tether- lC.seq check: 6795 from: 2319 to: 3326 
Stop codon at 481 added to Tether- 1 

ATGGGGGCCGCCCGGATCGCACCCAGCCTGGCGCTCCTACTCT6CTGCCCAGTGCTCAGC 
a MGAARIAPSLALLLCCPVLS - 

TCCGCcTATGCGGUUUCCGAAAUCCAGCUGAUGCACqgcqgaggaqgcGAGGTATTTGAC 
a SAYAVSEIQLMHGGGGEVFD - 

CGCCTAGGCATGATCTACACCGTGGGATACTCCATGTCTCTCGCCTCCCTCACGGTGGCT 
a RLGMIYTVGYSMSLASLTVA - 

GTGCTCATCCTGGCCTATTTTAGGCGGCTGCACTGCACGCGCAACTAGATCCACATGCAC 
a VLI LAYFRRLHCTRNYIHMH - 

ATGTTCCTGTCGTTTATGCTGCGCGCCGCGAGCATCTTCGTGAAGGACGCTGTGCTCTAC 
a M F L S F M L R AASI FVKDAVLY - 

TCTGGCTTCACGCTGGATGAGGCCGAGCGCCTCACAGAGGAAGAGTTGCACATCATCGCG 
a SGFTLDEAERLTEEELH IIA - 

CAGGTGCCACCTCCGCCGGCCGCTGCCGCCGTAGGCTACGCTGGCTGCCGCGTGGCGGTG 
a Q V P P P PAAAAVG YAGC RVAV - 

ACCTTCTTCCTCTACTTCCTGGCTACCAACTACTACTGGATcCTGGTGGAGGGGCTGTAC 
a TFFLYFLAT NYY WI LVEGLY - 

TTGCACAGCCTCATCTTCATGGCCTTTTTCTCAGAGAAGAAGTACCTGTGGGGCTTCACC 
a LHSLIFMAFFSEKKYLWGFT - 

ATCTTTGGCTGGGGTCTACCGGCTGTCTTCGTGGCTGTGTGGGTCGGTGTCAGAGCAACC 
a IFGWGLPAVFVAVWVGVRAT - 

TTGGCCAACACTGGGTGCTGGGATCTGAGCTCCGGGCACAAGAAGTGGATCATCCAGGTG 
a LANTGCWDLSSGHKKWI IQV - 

CCCATCCTGGCATCTGTTGTGCTCMCTTCATCCTTTTTATCAACATCATCCGGGTGCTT 
a PILASVVLNFILFINIIRVL - 

GCCACTAAGCTTCGGGAGACCAATGCGGGCCGGTGTGACACCAGGCAGCAGTACCGGAAG 
a ATKLRETNAGRCDTRQQYRK - 

CTGCTCAGGTCCACGTTGGTGCTCGTGCCGCTCTTTGGTGTgCACTACACCGTCTTCATG 
a LLRSTLVLVPLFGVHYTVFM - 

GCCTTGCCGTACACCGAGGTCTCAGGGACATTGTGGCAGATCCAGATGCATTATGAGATG 
a ALPYTEV SGTLWQIQMHYEM 

CTCTTCAACTCCTTCCAGGGA 1 1 1 1 1 I GTTGCCATCATATACTGTTTCTGCAATGGTGAG 
a LFNSFQGFFVAI IYCFCNGE - 

GTGCAGGCAGAGATTAGGAAGTCATGGAGCCGCTGGACACTGGCGTaG (SEQ ID NO: 38) 
a VQAEIRKSWSRWTLA* - (SEQ ID N0:39) 



FIG. 9 
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MAP of rdeKNt/Ct) 

ATGGGGGCCGCCCGGATCGCACCCAGCCTGGCGCTCCTACTGTGCTGCCCAGTGCTCAGC 
a MGAARIAPSLALLLCCPVLS 

TCCGCATATGCGCTGGAGGTATTTGACCGCCTAGGCATGATCTACACCGTGGGATACTCC 
a SAYALEVFDRLGMIYTVGYS 

ATGTCTCTCGCCTCCCTCACGGTGGCTGTGCTCATCCTGGCCTATTTTAGGCGGCTGCAC 
a MSLASLTVAVLI LAYFRRLH 

TGCACGCGCAACTACATCCACATGCACATGTTCCTGTCGTTTATGCTGCGCGCCGCGAGC 
a CTRNYIHMHMFLSFMLRAAS 

ATCTTCGTGAAGGACGCTGTGCTCTACTCTGGCTTCACGCTGGATGAGGCCGAGCGCCTC 
a I FVKDAVL YSGFTLDEAERL 

ACAGAGGAAGAGTTGCACATCATCGCGCAGGTGCCACCTCCGCCGGCCGCTGCCGCCGTA 
a TEEELHI IAQVPPPPAAAAV 

GGCTACGCTGGCTGCCGCGTGGCGGTGACCTTCTTCCTCTACTTCCTGGCTACCAACTAC 
a G Y A GCRVAVTFFLYFLATNY 

TACTGGATcCTGGTGGAGGGGCTGTACTTGCACAGCCTCATCTTCATGGCCTTTTTCTCA 
a YWILVEGLYLHSLIFMAFFS 

GAGAAGAAGTACCTGTGGGGCTTCACCATCTTTGGCTGGGGTCTACCGGCTGTCTTCGTG 
a EKKYLWGFTIFGWGLPAVFV 

GCTGTGTGGGTCGGTGTCAGAGCAACCTTGGCCAACACTGGGTGCTGGGATCTGAGCTCC 
a AVWVGVRATLANTGCW DLSS 

GGGCACAAGAAGTGGATCATCCAGGTGCCCATCCTGGCATCTGTTGTGCTCAACTTCATC 
a GHKKWIIQVPILASVVLNFI 

CTTTTTATCAACATCATCCGGGTGCTTGCCACTAAGCTTCGGGAGACCAATGCGGGCCGG 
a LFINI IRVLATKLRETNAGR 

TGTGACACCAGGCAGCAGTACCGGAAGCTGCTCAGGTCCACGTTGGTGCTCGTGCCGCTC 
a CDTRQQYRKLLRSTLVLVPL 

TTTGGTGTgCACTACACCGTCTTCATGGCCTTGCCGTACACCGAGGTCTCAGGGACATTG 
a FGVHYTVFMALPYTEVSGTL 

TGGCAGATCCAGATGCATTATGAGATGCTCTTCAACTCCTTCCAGGGAI I 1 1 1 IGTTGCC 
a WQIQMHYEMLFNSFQGFFVA 

ATCATATACTGTTTCTGCAATGGTGAGGTGCAGGCAGAGATTAGGAAGTCATGGAGCCGC 
a I IYCFCNGEVQAEIRKSWSR 

TGGACACTGGCGTaG (SEQ ID NO: 40) 



a 



W T L A * 



(SEQ ID N0:41) 



FIG. 10 
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Oligo: Sequence ID#: E16631A1 

CTCTGCTGCCCAGTGCTCAGCTCCGCcTATGCGGTTTCCGAAATCCAGCTGATGCACggcggaggaggc 
GAGGTATTTGACCGCCTAGGCATGATCTAC (SEQ ID NO: 49) 

GCG check: 

MAP of: Y23E182G4PTHl-9.seq from: 1 to: 99 

DNA sequence for making Tethered PTH ligand/ receptor 

Receptor » rat PTH1 Rec 

Insert PTH(l-9) -Gly4 sequence between Tyr23 and Glul82. 
USe Ala24 as codon 1 of PTH. flanking homology of -30 nts 
Takes out NDEI site at Ala 22 GCA->GCC 
With 1 enzymes: NDEI 

FIG.1 1C 



CTCTGCTGCCCAGTGCTCAGCTCCGCcTATGCGGTTTCCGAAATCCAGCTGATGCACggc 
a LC CPVLSS AYAVSEIQLMHG 

ggaggaggcGAGGTATTTGACCGCCTAGGCATGATCTAC (SEQ ID NO: 50) 

a GGGEVFDRLGMIY - (SEQ ID N0:55) 

Helix II: ~/rec-dna>more tether-1 map from: 2350 to:2650 . 

Tethered PTH (1-9) to core receptor. 

PTH (1-9) linked to Glu-182 of rat receptor. 

Insert immediately after Tyr23 cleavage site. 

Oligo tether-1 spans 2358 to 2891 

takes out NDEI at 2390 Ala -22. 

FIG.11D 



Ndel CA'TA_TG Cuts at: 1790 1790 

Size: 5769 
PSORT of : rDelEl-G.seq from: 1 to: 5736 
*To be used as template SS DNA for Tether-1 OM. 
Th.l enzymes: NDEI 

Ndel CA'TA_TG 

Cuts at: 1790 2384 1790 

Size: 594 5142 

FIG.11E 
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hTether-1 From human PTH-1 receptor by replacing Ala24 to Argl81 with 
Alal to His9 of PTH, then 4-Gly linker between His9 and Glul82 by 
oligonucleotide mutagenesis with oligo E20986 

atgggGAccGCccggatcgcacccggcctggcgctcctgctctgctgccccgtgctcagc 

2287 ---+ + + + + + 2346 

a MGTARIAPGLALLLCCPVLS - 
tccgcgtacgcggtttccgaaatccagctgatgcacggcggaggaggcgaggtgtttgac 

2347 ---+ + + + + + 2406 

a SAYAVSEIQLMHGGGGEVFD - 

cgcctgggcatgatttacaccgtgggctactccgtgtccctggcgtccctcaccgtagct 

2407 •--+ + + + +- + 2466 

a RLGMIYTVGYSVSLASLTVA - 

gtgctcatcctggcctactttaggcggctgcactgcacgcgcaactacatccacatgcac 

2467 ---+ + + + + + 2526 

a VLILAYFRRLHCTRNYIHMH - 
ctgttcctgtccttcatgctgcgcgccgtgagcatcttcgtcaaggacgctgtgctctac 

2527 ---+ + + + + + 2586 

a LF LSFMLRAVSI FVKDAVLY - 

tctggcgccacgcttgatgaggctgagcgcctcaccgaggaggagctgcgcgccatcgcc 

2587 ---+ + + + ---+ + 2646 

a SGATLDEAERLTEEELRAIA - 
caggcgcccccgccgcctgccaccgccgctgccggctacgcgggctgcagggtggctgtg 

2647 --■+--- + + + + + 2706 

a QAPPPPATAAAGYAGCRVAV - 
accttcttcctttacttcctggccaccaactactactggattctggtggaggggctgtac 

2707 ---+ + + + + + 2766 

a TFFLYFLATNYYWI LVEGLY - 
ctgcacagcctcatcttcatggccttcttctcagagaagaagtacctgtggggcttcaca 

2767 ---+ + + + + + 2826 

a LHSLI FMAFFSEKKYLWGFT - 

gtcttcggctggggtctgcccgctgtcttcgtggctgtgtgggtcagtgtcagagctacc 

2827 ---+ + + + + + 2886 

a VFGWGLPAVFVAVWVSVRAT - 
ctggccaacaccgggtgctgggacttgagctccgggaacaaaaagtggatcatccaggtg 

2887 ---+ + + + +-- + 2946 

a LANTGCWDLSSGNKKWI IQV - 

cccatcctggcctccattgtgctcaacttcatcctcttcatcaatatcgtccgggtgctc 

2947 --•+ + + + + + 3006 

a PILASIVLNFILFINIVRVL - 

gccaccaagctgcgggagaccaacgccggccggtgtgacacacggcagcagtaccggaag 

3007 ---+ + + + + + 3066 

a ATKLRETNAGRCDTRQQYRK - 



FIG.17A 
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ctgctcaaatccacgctggtgctcatgcccctctttggcgtccactacattgtcttcatg 

3067 ---+ + + + + + 3126 

a LLKSTLVLMPLFGV HYIVFM - 
gccacaccatacaccgaggtctcagggacgctctggcaagtccagatgcactatgagatg 

3127 --•+ + + + + + 3186 

a ATPYTEVSGTLWQVQMHYEM - 
ctcttcaactccttccagggattttttgtcgcaatcatatactgtttctgcaatggcgag 

3187 ---+ + +--. + + + 3246 

a LFNSFQGFFVAI IYCFCNGE - 
gtacaagctgagatcaagaaatcttggagccgctggacactggcactggacttcaagcga 

3247 ---+ + + + + + - 3306 

a VQAEI KKSWSRW TLALDFKR ■ 
aaggcacgcagcgggagcagcagctatagctacggccccatggtgtcccacacaagtgtg 

3307 ---+ + + + + + 3366 

a KARSGSSSYSYGPMVSHTSV - 
accaatgtcggcccccgtgtgggactcggcctgcccctcagcccccgcctactgcccact 

3367 ---+ + + + + + 3426 

a TNVGPRVGLGLPLSPRLLPT - 
gccaccaccaacggccaccctcagctgcctggccatgccaagccagggaccccagccctg 

3427 ---+ + + + + + 3486 

a A T T NGHPQLPGHAKPGTPAL 

gagaccctcgagaccacaccacctgccatggctgctcccaaggacgatgggttcctcaac 

3487 ---+ + + + + + 3546 

a ETLETTPPAMAAPKDDGFLN - 
ggctcctgctcaggcctggacgaggaggcctctgggcctgagcggccacctgccctgcta 

3547 ---+ + + + + + 3606 

a GSCSGLDEEASGPERPPALL - 

caggaagagtgggagacagtcatgtgaccaggcgctgggggct (SEQ ID NO: 61) 

3607 ---+--- + + + 3649 

a QEEWETVM* - (SEQ ID N0:62) 

FIG.17B 
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